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Editorial

Endothelin in heart failure: a promising therapeutic target?

Why we need more treatments for heart failure
Angiotensin converting enzyme (ACE) inhibitors have
revolutionised the treatment of heart failure caused by left
ventricular systolic dysfunction.! However, few patients
with heart failure are rendered asymptomatic by treatment
with an ACE inhibitor or are able to lead a normal, active
life. Their prognosis also remains dismal. In the treatment
arm of the Studies of Left Ventricular Dysfunction
(SOLVD), 35% of the relatively young patients (average
age 61 years) with so-called mildly to moderately severe
heart failure who were randomised to receive enalapril
died within three and a half years of follow up. Forty eight
per cent died or were admitted to hospital for worsening
heart failure, while 69% were admitted to hospital at least
once during the trial.

The initial success of ACE inhibitors has been followed
by many false dawns in heart failure therapeutics. With
the possible exception of 8 blockers, no new treatment for
cardiac failure has succeeded in the 20 years since captopril
was developed. Pathophysiological studies and experience
with drugs such as hydralazine, nitrates, flosequinan,
phosphodiesterase inhibitors, prostacyclin, and ibopamine
have strongly suggested that the most effective therapeutic
strategy in heart failure is arterial and venous vasodilata-
tion via inhibition of endogenous vasoconstrictor neuroen-
docrine pathways.! These actions, exemplified by ACE
inhibitors, lead to improved skeletal muscle and vital
organ perfusion. Such a strategy should not result in acti-
vation of other neuroendocrine pathways or direct
inotropic stimulation of the heart, though ventricular
function can improve in response to a fall in cardiac pre-
load and afterload. Furthermore, ACE inhibitors probably
protect the heart from harmful neuroendocrine activation
in ways that we do not fully understand. Prevention of fur-
ther ischaemic events in patients who have underlying
ischaemic heart disease (that is, most patients with heart
failure) is a hitherto underappreciated and probably impor-
tant mechanism by which drugs might improve prognosis
in heart failure. Interestingly, the only other encouraging
prospect in the field of heart failure therapeutics at present
is the adrenoblocker carvedilol, a drug which antagonises
the action of the sympathetic nervous system by blocking
post-synaptic a,, B, and S, adrenoceptors.?

Synthesis and actions of the endothelins

The endothelins are a family of three structurally and
functionally similar peptides, each of 21 amino acid
residues.>* The processing pathway for endothelin-1, the
major endothelin isoform synthesised in human blood ves-
sels, is reminiscent of angiotensin II. Initially, a large pre-
propolypeptide, preproendothelin-1, consisting of about
200 amino acid residues, is synthesised. A biologically
inactive intermediate propeptide, big endothelin-1, is sub-
sequently formed through proteolytic cleavage. Finally, a
metalloprotease, endothelin converting enzyme (ECE)

generates the biologically active mature peptide endothe-
lin-1 consisting of 21 amino acid residues.

The vasoconstrictor action of endothelin-1 is mediated
through two high affinity endothelin receptor subtypes,
ETA and ETB, on vascular smooth muscle cells.* ETB
receptors are also present on the vascular endothelium
where they mediate vasodilatation, probably by release of
nitric oxide and prostanoids. Despite the presence of these
endothelial ETB receptors, the characteristic biological
effect of exogenously administered endothelin-1 is slow
onset and sustained vasoconstriction.’> Indeed, endothe-
lin-1 is the most potent vasoconstrictor known, demon-
strating ten times greater vasoconstrictor potency in vitro
than angiotensin II.> Endothelin-1 may also augment the
vasoconstrictor effects of arginine vasopressin, the renin
angiotensin aldosterone system, and the sympathetic ner-
vous system. Endothelin-1 has particularly pronounced
vasoconstrictor effects in the renal vasculature and
reduces renal plasma flow, glomerular filtration rate, and
sodium excretion—actions that are analogous to those of
angiotensin II. Again like angiotensin II, endothelin-1 has a
direct positive inotropic action on the heart, although
experimentally the effect of exogenous endothelin-1 in
vivo depends upon the extent of simultaneous coronary
vasoconstriction that is produced. Endothelin-1 also has
potent effects on cell growth, inducing protooncogene
expression and increasing DNA synthesis in vascular
smooth muscle cells and cardiomyocytes.*

Because endothelin-1 has many similar biological prop-
erties to angiotensin II it too may play an important
pathophysiological role in the various cardiac, vascular,
and renal abnormalities typical of heart failure.

Endothelin-1 in heart failure
Though secreted predominantly abluminally by vascular
endothelial cells, plasma concentrations of endothelin-1
are increased two- to threefold in patients with heart fail-
ure irrespective of aetiology.>® As with other neurohor-
mones, plasma concentrations of endothelin-1 are
increased in proportion to the symptomatic and haemody-
namic severity of heart failure.” ® In distinction to other
neurohormones, however, plasma endothelin-1 concen-
trations correlate particularly closely with pulmonary vas-
cular resistance.® Importantly, and as with angiotensin II
and noradrenaline, plasma big endothelin-1 concentra-
tions are of prognostic significance, predicting worsening
heart failure, need for admission to hospital, and death.®
In one study, plasma big endothelin-1 concentration was a
more powerful predictor of prognosis than left ventricular
ejection fraction, plasma renin activity, plasma atrial natri-
uretic factor concentration, or systemic vascular resis-
tance.’

From this brief outline, it seems that endothelin-1
could contribute in an analogous fashion to angiotensin II
to the adverse pulmonary vascular, systemic vascular,
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and renal changes that characterise heart failure. The
potent coronary vascular effects of endothelin-1 suggest
that the peptide might also play a part in the genesis
and pathophysiology of myocardial ischaemia and infarc-
tion.*

Pharmacological inhibition of endogenous
endothelin-1

Studies in healthy volunteers have shown that administra-
tion through the brachial arterial of a locally active dose of
the ECE inhibitor phosphoramidon (which prevents
endothelial generation of mature endothelin-1 from big
endothelin-1) or the selective ETA receptor antagonist
BQ-123 causes substantial forearm vasodilatation.’
Systemic administration of the non-selective ETA and
ETB receptor antagonist TAK-044 causes rapid onset,
sustained, dose-dependent peripheral vasodilatation and
hypotension in young healthy male volunteers.!® Heart
rate, stroke index, and cardiac index all increased after
administration of TAK-044. These recent experiments
indicate that endogenously generated endothelin-1 plays
an important physiological role in regulating vascular
resistance and blood pressure in humans.

In patients with heart failure, local brachial arterial
ECE inhibition and ETA receptor blockade both cause
significant forearm vasodilatation. Importantly, these
effects are seen in patients concurrently treated with
diuretics, digoxin, and large doses of ACE inhibitor.!
Systemic endothelin receptor blockade has also been stud-
ied in patients with heart failure, but only after ACE
inhibitor withdrawal.!? Systemic administration of the
non-selective ETA and ETB receptor antagonist bosentan
reduced pulmonary artery wedge pressure, systemic vas-
cular resistance, and mean arterial pressure. Cardiac index
was increased without causing reflex tachycardia.
Pulmonary vascular resistance was decreased more than
systemic vascular resistance, an effect that contrasts with
most other vasodilators studied in heart failure. Animal
and patient studies have also suggested an apparent differ-
ential alteration in endothelin receptor sensitivity in heart
failure whereby there is a diminished response to ETA
receptor stimulation and a relatively greater vasoconstrictor
response to ETB receptor stimulation.!

It is likely that the endothelin system interacts impor-
tantly with the other neuroendocrine pathways which are
activated in heart failure, in particular the renin
angiotensin aldosterone and sympathetic nervous systems.
Angiotensin II increases endothelin-1 secretion from cul-
tured endothelial cells, and a correlation between plasma
angiotensin II and endothelin-1 concentration has been
demonstrated in patients with heart failure.?>'* Captopril
inhibits endothelial production of endothelin-1 in vitro,
and high dose lisinopril has been reported to suppress
plasma endothelin-1 concentrations in vivo in patients
with heart failure.!* !> A fall in plasma endothelin-1 was
recently reported to predict a favourable functional and
haemodynamic response to treatment with carvedilol in
patients with heart failure.!* This may be because
carvedilol suppresses the renin angiotensin system or
because the sympathetic nervous system directly influ-
ences endothelin-1 synthesis and secretion. It is interest-
ing to speculate that endothelin-1 inhibition might
contribute to the beneficial actions of both ACE inhibitors
and carvedilol in heart failure.

Summary
The results of early acute haemodynamic studies with
anti-endothelin agents are promising. Much still needs to
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be done, however, before endothelin antagonism is estab-
lished as a therapeutic strategy in heart failure. We need to
know, for example, whether the haemodynamic effects of
anti-endothelin drugs are sustained. We need to ensure
that there is no reflex activation of other neuroendocrine
systems and, preferably, to demonstrate neuroendocrine
suppression. Characterisation of the renal actions of
endothelin receptor antagonists will also be important.
Perhaps the most pressing issue in the development of
these agents is elucidation of the role of the endothelial
ETB receptor in heart failure. It is now clearly shown that
vascular smooth muscle ETB receptors can mediate vaso-
constriction in human blood vessels and that these recep-
tors may be particularly important in heart failure.!' The
effect of selective ETB receptor blockade in humans in
vivo is not currently known, however, and whether
endothelial ETB receptors might tonically offset ETA and
ETB receptor mediated smooth muscle contraction
remains conjectural. This question is directly relevant to
whether selective ETA or non-selective ETA and ETB
receptor antagonism might be the better therapeutic strat-
egy in heart failure. ECE inhibition may become another
therapeutic option in due course, but at present no spe-
cific and selective inhibitors of the enzyme have been
developed. The recent demonstration that the selective
ETA receptor antagonist BQ-123 improves long term sur-
vival in rats with heart failure induced by myocardial
infarction suggests that anti-endothelin strategies may

hold great therapeutic promise in heart failre.'”
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